The expression and activities of corticotrophinreleasing factor (CRF), urocortin (UCN), the CRF-binding protein (CRF-BP) and CRF receptors in rat brain have been well documented; however, information regarding their peripheral distributions remains incomplete. Given the multiple immunomodulatory effects of peripherally administered CRF and UCN and the high levels of CRF receptor type 2 (CRF-R2) mRNA and protein expressed in the heart, the lymphoid organs and heart have become targets for some of the latest CRF-related research. Here we demonstrate the presence of UCN mRNA in both the rat spleen and human Jurkat T-lymphoma cells using 3 -RACE (rapid amplication of cDNA ends) PCR. Following on from these initial results, we used semiquantitative RT-PCR to carry out a comprehensive study assessing the relative amounts of CRF, UCN, CRF-R1, CRF-R2 and CRF-BP mRNAs in the brain, thymus, spleen and heart of normal, untreated rats. The rank orders of mRNA abundance in each of the tissue types were as follows: for CRF, brain> >thymus=spleen=heart; for UCN, heartdbrain>thymus>spleen; for CRF-R1, brain> >thymus>spleen (absent in heart); for CRF-R2, brain=heart>thymus>spleen; and CRF-BP was only detectable in the brain. We have provided evidence for the existence of CRF, UCN, CRF-R1 and CRF-R2 expression in resting immune cells, with UCN expression being particularly predominant in the rat thymus and human Jurkat cells. Additionally, the high levels of UCN mRNA detected in heart corresponded to the high expression of CRF-R2 mRNA, suggesting an important role for UCN/CRF-R2 coupling in this tissue.
INTRODUCTION
Corticotrophin-releasing factor (CRF) is a 41 amino acid neuropeptide, best known for its role in triggering adrenocorticotrophin (ACTH) release from the pituitary (Vale et al. 1981 , Linton et al. 1985 . In the rat, both CRF and its binding protein (CRF-BP) are abundantly expressed in the brain (Potter et al. 1991 (Potter et al. , 1992 . The high-affinity pituitary CRF receptor (CRF-R1) is also located in many regions of the brain , Chang et al. 1994 , Potter et al. 1994 . In rats and mice, the more recently cloned CRF-R2 is found mainly in hypothalamic nuclei (Lovenberg et al. 1995a,b) and its splice variant, CRF-R2 , predominates in the heart and in skeletal muscle (Kishimoto et al. 1995 , Lovenberg et al. 1995a . CRF-R2 is expressed in human brain (Kostich et al. 1998) .
In 1995, the gene for urocortin (UCN), a novel peptide sharing 50% amino acid homology with CRF, was cloned from rat midbrain (Vaughan et al. 1995) . UCN has a 4-fold higher affinity than CRF for CRF-R1 and a 40-fold higher affinity for CRF-R2 (Vaughan et al. 1995) , suggesting that UCN may be the predominant ligand for CRF-R2 in the brain and heart. Despite this, only one report has so far suggested the presence of UCN mRNA in rat cardiac myocytes (Okosi et al. 1998) . In vitro studies suggest that the peptide may play roles in protecting cardiac myocytes from cell death induced by hypoxia (Okosi et al. 1998 ) and stimulating atrial natriuretic peptide secretion (Ikeda et al. 1998) . Intravenous injection of UCN produces dosedependent increases in cardiac contractility, heart rate, cardiac output and coronary blood flow in conscious sheep (Parkes et al. 1997) . There have been no reports of CRF-R1 in the heart and few reports of CRF mRNA detection (Muglia et al. 1994) .
A limited number of reports suggest that UCN and CRF are produced by peripheral immunocytes and may act in a paracrine manner to induce local immune responses. CRF immunoreactivity has been detected within inflammatory sites (Crofford et al. 1992 , Elenkov et al. 1999 whilst both the peptide and mRNA have been reported in thymic and splenic cell populations (Chowdrey et al. 1994 , Kravchenco & Furalev 1994 , Brouxhon et al. 1998 , Ottaviani et al. 1998 , and in peripheral blood leukocytes (Stephanou et al. 1990) . Only recently has UCN mRNA been detected in immune cells (Bamberger et al. 1998) . When these peptides are injected peripherally, pro-inflammatory (Karalis et al. 1991 , Singh et al. 1999 ) and anti-inflammatory (Torpy et al. 1999) responses have been observed. The existence of CRF and UCN in immune cells correlates with reports of CRF receptors being present on mouse spleen cells (Webster et al. 1990 ) and blood lymphocytes (Singh & Fudenberg 1988) . These early studies made use of radiolabelled ovine CRF to detect cell binding sites, so that it was impossible to conclude whether the binding sites were CRF receptors or membrane-bound CRF-BP. Only recently have CRF-R1-specific mRNA and protein been found in mouse spleen cells (Radulovic et al. 1999) .
From these studies, we can now begin to understand the actions of peripherally administered CRF and UCN on the heart and immune system; however, it is difficult to relate these actions to the endogenous release of peptide because information regarding CRF, UCN and CRF receptor expression in peripheral tissues remains incomplete. For example, CRF-R2 or membrane-bound CRF-BP expression in immune tissues has never been reported. Additionally, publications on the subject remain very limited and there are no reports which have examined and compared the expression of all the components of the CRF system (CRF, UCN, CRF-R1, CRF-R2 and CRF-BP) in selected peripheral tissues. There is still much confusion as to which ligand/receptor system predominates in these tissues.
The aim of this work was first to use 3 -RACE PCR to detect the presence of mRNA for UCN in rat spleen and for UCN, CRF and CRF receptors in the human Jurkat (T-lymphoma) cell line. 3 -RACE PCR is the most reliable technique for the detection of cDNA, as the template is amplified through the polyA tail, negating the chances of amplifying genomic DNA. However, this type of PCR is not quantitative. The results of the 3 -RACE experiments prompted us to carry out a comprehensive RT-PCR study to ascertain the presence or absence of all five components of the CRF system in the heart, thymus and spleen of normal, untreated rats using brain as a positive control tissue. The relative abundance of each transcript in these tissues was also assessed.
MATERIALS AND METHODS

RNA extraction
Two male and two female NEDH rats were killed and the brain, heart, thymus and spleen of each animal were immediately washed in PBS, cut into small pieces and homogenised in Trireagent (Sigma-Aldrich, Poole, Dorset, UK) using a Silverson electric homogeniser (Silverson, Chesham, Bucks, UK). Total mRNA was extracted following the Tri-reagent protocol, a modification of the technique used by Chomczinski & Sacchi (1987) . mRNA was isolated using Qiagen's Oligotex mRNA Extraction Kit (Qiagen, Crawley, West Sussex, UK). The same technique was used to isolate mRNA from Jurkat cells, but in this case, cells were lysed by trituration instead of homogenisation. Between 1 and 10 µg mRNA were obtained from 100-250 µg total RNA, depending on the type of tissue extracted.
Rat spleen and human Jurkat cell Marathon cDNA synthesis and 3 -RACE PCR
One microgram of spleen mRNA isolated from one of the male rats and 1 µg human Jurkat cell mRNA were used to synthesise double-stranded Marathonadapted cDNA pools using the technique described by the Clontech Marathon cDNA Synthesis protocol (Chenchik et al. 1995) . The doublestranded cDNAs were diluted 100-fold with nuclease-free water and 2 µl of the diluted cDNAs were used in each first-round PCR reaction. Specific primers were used in conjunction with a Marathon adaptor primer in order to carry out 3 -RACE PCR on each cDNA pool. KlenTaq polymerase containing Taq antibody (Clontech, Basingstoke, Hants, UK) was used in all PCR reactions. The forward primer sequences are illustrated in Table 1 together with the estimated product sizes and the annealing temperatures used. The estimated product sizes are based on the known database sequences with the longest 3 -ends and represent the minimum product length expected. The two human CRF receptor primers were designed to anneal to both the CRF-R1 and CRF-R2 cDNA. Two rounds of PCR were carried out in order to visualise specific products. The 50 µl PCR mix for the first 30 cycles contained 1 µM of a specific forward primer, 1 µM first-round adaptor primer (5 -CCATCCTAATACGACTCACTATA GGGC-3 ), 200 µM dNTP mixture, 2 µl diluted cDNA and 1·1 µg KlenTaq enzyme and Taq Start antibody. Amplification was performed on a Bio-Rad thermocycler (Bio-Rad, Hemel Hempstead, Herts, UK). Thirty microlitres of the amplified products were run on a 1·5% agarose gel containing 0·001% ethidium bromide and visualised under an ultraviolet transilluminator (UVP Inc., San-Gabriel, CA, USA). At this stage the gel lanes appeared blank. Two microlitres of the remaining first-round mixtures were then diluted 25-fold with nuclease-free water and 2 µl were re-entered into a second-round PCR. The reaction mix was identical to the first-round mix with the exception that the first-round adaptor primer had been replaced with a nested second-round adaptor primer (5 -ACGACTCACTATAGGGCTCGAGCGGC-3 ) for increased specificity. 'Touchdown' PCR was developed by Don et al. (1991) in order to increase the specificity of a PCR reaction involving one specific primer with an annealing temperature above 70 C and one non-specific primer (adaptor primer) with an annealing temperature of 68-70 C. This prevents the formation of single adaptor primer products during the first five to ten PCR cycles due to the preferential hybridisation of the specific primer to the cDNA template. The conditions used for the Touchdown PCR reaction were as follows: step 1, 95 C, 5 min; step 2, 95 C, 30 s; step 3, 72 C, 3 min; step 4, four more cycles back to step 2; step 5, 95 C, 30 s; step 6, 70 C, 3 min; step 7, four more cycles back to step 5; step 8, 95 C, 30 s; step 9, 68 C, 3 min; step 10, 19 more cycles back to step 8; step 11, 68 C, 6 min. All other reactions were as follows: step 1, 95 C, 5 min; step 2, 95 C, 30 s; step 3, 68 C, 3 min; step 4, 29 more cycles back to step 2; step 5, 68 C, 6 min. Second-round products were visualised on an agarose gel as described above and bands similar in molecular weight to the predicted sizes were excised. Identity of the products was confirmed by purification of gel slices using the Gene Clean Kit (BIO 101 Inc., Vista, CA, USA), followed by cloning into pGEM T-Easy vector (Promega, Southampton, Hants, UK) and transformation of competent XL-1 Escherichia coli bacteria (Stratagene, La Jolla, CA, USA). Bacterial colonies were grown overnight in Luria broth containing 100 µg/ml ampicillin (Sigma-Aldrich) and plasmid preparations were performed using Qiagen's mini plasmid preparation kit. Purified plasmid preparations were subjected to cycle sequencing on an ALF express sequencer (Pharmacia, St Albans, Herts, UK).
Semi-quantitative RT-PCR of rat tissue mRNA
mRNA pools were isolated from the brain, spleen, thymus and heart of three rats (one male and two females) as described above. RT-PCR was performed using the RT Access Kit (Promega). The reaction volume of 25 µl contained final concentrations of 200 µM dNTP mixture, 1 mM magnesium sulphate, 1 µM forward primer, 1 µM reverse primer, 0·1 units/µl AMV reverse transcriptase and 0·1 units/µl Tfl polymerase. The amounts of mRNA used in each reaction were between 10 and 50 ng. The annealing temperatures and cycle numbers varied for different reactions. Briefly, reverse transcription was carried out at 48 C for 45 min (step 1) and was immediately followed by the PCR reaction (step 2, 95 C, 5 min; step 3, 95 C, 30 s; step 4, 63-74 C, 1 min; step 5, 68 C, 2 min; step 6, 22-44 more cycles back to step 3; step 7, 68 C, 8 min). The sequences of the primer pairs, annealing temperatures used for the  1. Summary of the 3 -RACE PCR primer sequences used to amplify CRF, UCN and CRF receptor cDNAs from Jurkat cell cDNA and UCN from rat spleen cDNA. The annealing temperatures used and the expected product sizes are also shown. Touchdown PCR (Don et al. 1991) involved the use of high annealing and extension temperatures during the first ten PCR cycles (five cycles at 72 C, five at 70 C), followed by 20 cycles at 68 C reactions and the sizes of the expected products are summarised in Table 2 . All primers were synthesised by Sigma-Genosys, Pampisford, Cambridgeshire, UK. The primer pairs selected for CRF-R1, CRF-R2 and CRF-BP mRNA detection were designed to amplify across at least one intron, ruling out the possibility of identical size bands resulting from genomic DNA amplification. This was not the case for the glyceraldehyde 3-phosphate dehydrogenase (GAPDH), CRF and UCN primers as the important coding regions within the genomic DNAs are intronless. Control PCR reactions described below were used to overcome the possibility of amplifying genomic DNA in these circumstances. PCR products were electrophoresed, cloned and characterised as described above. The RT-PCR technique described here was used for two semi-quantitative experiments: one using single high concentrations of the mRNA samples, and the other using serial dilutions of the same mRNAs in order to estimate with more accuracy the relative amounts of mRNAs in each tissue.
Semi-quantitative RT-PCR using neat mRNA samples The aim of this experiment was to ascertain either the presence or absence of CRF, UCN, CRF-R1, CRF-R2 and CRF-BP mRNA in the heart, spleen and thymus, using brain as a positive control tissue for all reactions. Quality of mRNA samples was assessed by carrying out 40-cycle PCR reactions for the housekeeping gene, GAPDH, for each mRNA sample, together with control reactions in which no reverse transcriptase was added. Amounts of mRNA placed into each GAPDH reaction tube were balanced by carrying out serial 4-fold dilutions of the mRNA samples (1:1, 1:4, 1:16 and 1:64) and amplifying GAPDH mRNA for 23 cycles, at which point the PCR reaction was found to have almost reached saturation. The intensity of the resulting bands was observed in order to adjust the mRNA dilutions accordingly for future reactions. The dilution titring described above was carried out separately for each of the three animals.
Using the optimised concentrations of mRNA, PCR reactions testing for the presence of CRF, UCN, CRF-R1, CRF-R2 and CRF-BP were carried out over 40 cycles using the primer pairs and annealing temperatures specified in Table 2 . Control reactions in which no reverse transcriptase was added were carried out for every PCR experiment. All reactions were repeated between one and three more times for each of the three sets of samples. Experiments in which the positive control (brain) consistently yielded a bright band on  2. Summary of the RT-PCR primer sequences used to amplify GAPDH, CRF, UCN, CRF-R1, CRF-R2 and CRF-BP mRNAs from rat tissues, the annealing temperatures at which the reactions were carried out, and the expected product sizes an agarose gel after 40 cycles, but in which no PCR products were detected in the peripheral tissues, were instead carried out over a total of 60 PCR cycles. In these circumstances, RT-PCR amplification was carried out for 30 cycles and 2 µl of the resulting product mixture were re-entered into a second 30-cycle round of PCR as described previously, but excluding the AMV reverse transcriptase from all the reaction tubes.
Semi-quantitative RT-PCR using serial dilutions mRNA samples The above experiments which resulted in bright gel bands after 40 PCR cycles in one or more of the peripheral tissues were repeated using serial 4-fold dilutions (1:1, 1:4, 1:16 and 1:64) of previously optimised concentrations of mRNA, and RT-PCR amplification was carried out for 45 cycles. This time, the decreasing intensities of the gel bands corresponding to increasing mRNA dilutions, allowed us to assess by eye the relative abundance of UCN, CRF-R1 and CRF-R2 mRNAs in the peripheral tissues and the brain. Each experiment was carried out three times. Similar banding patterns were observed on each occasion.
RESULTS
Rat spleen and human Jurkat cell Marathon 3 -RACE PCR
After two rounds of PCR had been carried out on the rat spleen mRNA using the forward UCN primer and the reverse Marathon adaptor primers, two strong bands of approximately 450 bp and 650 bp were visible on an agarose gel (Fig. 1A, lane  3) . Subsequent cloning and sequencing of the lower molecular weight product showed it to have an actual size of 479 bp. The first 283 bp of this fragment exactly matched the 3 -end of the most complete rat UCN cDNA sequence in the Genbank database (Vaughan et al. 1995 , accession number U33935); however, bases 283-429 provided a novel sequence, assumed to be an extension of the non-coding 3 -end of the rat UCN gene. Bases 430-479 incorporated the Marathon adaptor and adaptor primer sequences as expected. The 650 bp product was not sequenced. The control reaction, in which no cDNA was added, was completely clear of amplified products (Fig. 1A, lane 2) . The Jurkat cell cDNA pool was also found to contain UCN cDNA (Fig. 1B, lane 3) ; however, of the gel bands resulting from the PCR experiments designed to amplify CRF, CRF-R1 and CRF-R2 cDNAs, none was found to represent the expected products (results not shown). Because the 3 -RACE technique amplifies the complete 3 -ends of cDNAs including the poly-A tail, it does not result in false positives due to genomic DNA contamination; however, only one of the primers is specific to the cDNA of interest and therefore multiple bands are often observed. Consequently, it is sometimes more difficult to amplify a less-abundant mRNA using this technique, whereas RT-PCR uses two specific primers, allowing for a more focused PCR reaction which can be used for semi-quantification of the selected mRNAs. Figure 2 illustrates the optimised GAPDH dilution profiles from each of the three brain mRNA pools,  1. Second-round 3 -RACE Marathon PCR amplification of UCN cDNA from rat spleen (A) and human Jurkat cells (B). Two rounds of PCR each consisting of 30 cycles of the Touchdown protocol were carried out. The 450bp product in panel A and the 250bp product in panel B were cloned and the sequences were found to match the 3 ends of the rat and human UCN sequences respectively. Abbreviations: 'M' 100 bp DNA ladder marker (lane 1), ' ' control reaction (no cDNA added) (lane 2), '+' test reaction (cDNA added) (lane 3).
Semi-quantitative RT-PCR using neat mRNA samples
 2. Comparison of the GAPDH dilution profiles for the three rat brain mRNA pools. Twenty-three cycles of RT-PCR were carried out at an annealing temperature of 74 C.
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showing that similar amounts of mRNA were used for each animal. The brightness of the GAPDH bands representing the spleen, thymus and heart mRNAs of a single animal were then optimised to match that of the brain GAPDH from the same animal.
For the main experiments (Fig. 3) , 40 PCR cycles were carried out. Once again, GAPDH expression was observed in all tissues. The control lanes showed no evidence for either contamination or the presence of genomic DNA. In all but a few experiments the positive control (brain) yielded a bright band on an agarose gel after 40 cycles, and of these valid PCR reactions, the relative intensities of the bands were generally very consistent. The control lanes were clear in every experiment. The gel bands illustrated in Fig. 3 represent the majority of the results obtained and were able to be reproduced on at least four occasions. The product bands were all of the predicted sizes and their identities were confirmed by DNA sequencing on two separate occasions. The only PCR reactions which yielded more than one band in a single lane were those carried out using CRF-R1 primers on spleen and heart mRNA. In these cases, the lower molecular weight band was of the expected size for CRF-R1 cDNA and the 350 bp product was found to represent an unrelated gene. Brain mRNA provided an ideal positive control for all the PCR reactions, as demonstrated by the presence of bright bands in the third lane (B+) of each gel. This suggested that the selected primer pairs were similarly efficient at amplifying their target mRNAs.
The peripheral immune tissues (thymus and spleen) shared very similar expression patterns to each other. In these tissues, CRF cDNA was not detected after 40 cycles, yet was just detectable after 60 PCR cycles in both tissues (see Fig. 3 , lower panel). Forty cycles were sufficient, however, to amplify UCN cDNA, which appeared to be relatively more abundant in the thymus than in the spleen. In fact, on several occasions splenic UCN proved impossible to amplify, demonstrating how little is expressed in the spleen. cDNA for CRF-R1 was consistently detected in the thymus after 40 cycles, although bands were pale compared with the brain positive control lane. Splenic CRF-R1 was just detectable after 40 cycles (the lower molecular weight 248 bp band), and on several occasions it was not possible to visualise the amplified product. Expression of CRF-R2 cDNA was also evident in the immune tissues, once again to a lesser extent than the expression levels observed in the brain. Finally, there was no evidence for CRF-BP mRNA being present in either the thymus or the spleen, even after 60 amplification cycles.
RT-PCR reactions carried out on heart mRNA showed that, whilst UCN and CRF-R2 mRNA were abundant in this tissue, low CRF expression was only evident after 60 PCR cycles and CRF-R1 and CRF-BP mRNAs were absent.
Semi-quantitative RT-PCR using serial dilutions of mRNA
This experiment allowed us to estimate with greater accuracy the relative abundance of UCN, CRF-R1  3. Semi-quantitative RT-PCR carried out on neat samples of brain (B), thymic (T), splenic (S) and heart (H) mRNA in order to detect the presence of GAPDH, CRF, UCN, CRF-R1, CRF-R2 and CRF-BP transcripts in these tissues. Forty PCR cycles were carried out for all reactions. Key to other abbreviations: 'M' 100 bp DNA ladder marker, ' ' control reaction without reverse transcriptase, '+' PCR reaction with the addition of reverse transcriptase. The brain provided a positive control test for all six primer pairs. Approximately equal amounts of mRNA were added to each reaction.
and CRF-R2 mRNAs in the brain, thymus, spleen and heart. These PCRs were carried out three times each, with similar results being obtained on each occasion. Typical results are shown in Fig. 4 .
The GAPDH dilution profiles illustrated approximately equal loading of mRNAs from the four different tissues. Our UCN data suggest that, compared with the heart, there are 2-to 3-fold lower concentrations of UCN mRNA in the brain, 5-to 6-fold lower concentrations in the thymus, and in the spleen UCN cDNA was not detected in this experiment. CRF-R1 mRNA expression predominated in the brain, in which levels were more than 64-fold higher than in the thymus. In the spleen, CRF-R1 expression was too low to be visible on the gel photograph illustrated here. No CRF-R1 mRNA was detected in the heart. CRF-R2 levels in the brain and heart appeared to be almost identical, with 4-to 6-fold lower concentrations in the thymus and approximately 16-fold lower levels in the spleen. Table 3 summarises the combined results from all of the semi-quantitative RT-PCR experiments.
DISCUSSION
In this study, we first demonstrated the presence of UCN mRNA in normal unstimulated rat spleen and human Jurkat cells using 3 -RACE PCR. This technique has the advantage over RT-PCR in that the amplified products have complete 3 -cDNA ends and any contaminating genomic DNA will not interfere with the PCR reactions. However, 3 -RACE PCR gives no indication of the relative amounts of UCN in these tissues as multiple bands are often observed, so RT-PCR was used for a more specific semi-quantitative approach. Peripheral rat tissues were the focus of these experiments. High levels of UCN and CRF-R2 mRNA were observed in the heart, with low levels of CRF and no evidence for the existence of CRF-R1 or CRF-BP mRNA. In the immune tissues, UCN, CRF-R1 and CRF-R2 mRNAs were all detected, but once again, CRF mRNA levels appeared especially low and CRF-BP mRNA was not detected. Splenic CRF-R1 and UCN mRNAs were just detectable in the first set of experiments, but not in the experiments using serial dilutions of mRNA. The fixed amounts of mRNA being used for all the RT-PCR studies meant that less-abundant amplified products were at the limit of detection on an agarose gel. In these circumstances either pale bands were observed or bands were completely absent.
The experiments were designed to allow us to compare levels of a single mRNA type (e.g. UCN) in the four different tissues studied. We made the assumption that in all the rat tissues, the number of GAPDH mRNA molecules per microgram of each mRNA pool is the same. Although this may not strictly be the case, GAPDH dilution or cycle titring still remain the most commonly exploited techniques for comparing mRNA levels in various tissues. We therefore suggest that the rank orders of mRNA abundance in each of the tissue types is as follows: for CRF, brain> >thymus=spleen=heart; for UCN, heartdbrain>thymus>spleen; for CRF-R1, brain> >thymus>spleen>heart; for CRF-R2, brain=heart>thymus>spleen; and for CRF-BP, brain> >thymus=spleen=heart.
 4. Semi-quantitative RT-PCR carried out on 4-fold serially diluted brain, thymic, splenic and heart mRNA samples. Equal loading of mRNAs for each tissue was established using GAPDH amplification, after which the relative abundance of UCN, CRF-R1 and CRF-R2 transcripts in these tissues could be assessed. Twenty-three cycles were carried out for the GAPDH PCR and 45 cycles for the UCN, CRF-R1 and CRF-R2 PCRs.
 3. Summary of the relative abundance of CRF, UCN, CRF-R1, CRF-R2 and CRF-BP mRNAs in the brain, thymus, spleen and heart. The summary is based on the combined data from Figs 3 and 4. In the case of inconsistencies between the two figures, the result showing the greatest abundancy of mRNA has been selected for this Our RT-PCR studies not only confirm the findings of others (Webster et al. 1990 , Kravchenco & Furalev 1994 , Bamberger et al. 1998 , Brouxhon et al. 1998 , Okosi et al. 1998 , Ottaviani et al. 1998 , Radulovic et al. 1999 ), but also demonstrate several novel concepts.
First, we have shown that CRF-R2 expression is not confined solely to the brain and heart, but the mRNA is also abundant in the thymus and is expressed to a lesser extent in the spleen. The tissue expression profiles for the CRF-R2 correlate well with the expression profiles for UCN, but do not correlate with those of CRF. Likewise, the rank order of abundance for CRF-R1 mRNA in the various tissues follows a similar pattern to that for CRF, quite distinct from the UCN rankings. This provides additional evidence for the coupling of UCN with the CRF-R2 and CRF with the CRF-R1.
This study has allowed us to compare expression levels of the CRF family members and their receptors in four tissues removed from normal, untreated rats. Further studies comparing mRNA levels in normal and immune-stimulated animals would provide a greater insight into the importance of both constitutive and induced ligand production. It has already been demonstrated that CRF-R1 protein levels in splenic neutrophils and macrophage precursors are increased 17-fold after i.p. administration of lipopolysaccharide (Radulovic et al. 1999) and that a 9-fold decrease in heart CRF-R2 mRNA levels occurs after i.p. interleukin (IL)-1 injection (Heldwein et al. 1999) .
The facts that UCN and CRF are capable of acting through the same receptors and that we have detected both the CRF-R1 and CRF-R2 mRNAs in the spleen and thymus confuses the issue as to which ligand/receptor system may be the most important in the immune system. The expression of UCN mRNA by Jurkat cells, without any evidence for CRF or CRF receptor expression suggests that the subsets of leukocytes may differentially express the ligands and their receptors. Further evidence to support this theory is provided by other groups. Bamberger et al. (1998) were unable to detect CRF mRNA in Jurkat cells or unstimulated lymphocytes which contained UCN mRNA, and Radulovic et al. (1999) localised CRF-R1 immunoreactivity to splenic neutrophils and granulocyte macrophage precursors, yet the protein was not expressed in splenic T-or B-lymphocytes or peripheral blood leukocytes. Stephanou et al. (1990) showed that relatively large numbers of cells were required in order to detect CRF mRNA in peripheral blood lymphocytes and neutrophils by Northern blot analysis and Crofford et al. (1993) were unable to amplify CRF mRNA from unstimulated LEW/N rat spleen total RNA extract; however, 18 days after the induction of adjuvant-induced arthritis, splenic CRF levels were readily detectable. In these and other studies CRF and CRF-R1 expression were found to be very low in unstimulated cells, yet production was significantly increased in response to inflammatory stimuli. Peripherally secreted CRF may not only have direct pro-inflammatory effects (Karalis et al. 1991 , Singh et al. 1999 , but also appears to have the ability to inhibit release of IL-1 and -6 by human mononuclear cells in vitro (Hagan et al. 1992) , induce both ACTH and -endorphin release from leukocytes (Smith et al. 1986 ) and induce opioid production from immune cells in inflamed tissue (Schäfer et al. 1994) . Jessop et al. (1997) found that treatment of rat splenocytes in vitro with an antisense oligodeoxynucleotide complementary to CRF mRNA inhibited the proliferation of these cells.
Given that our experiments showed apparently higher levels of UCN and CRF-R2 mRNA in the unstimulated spleen and thymus compared with CRF and CRF-R1 mRNA, this may suggest that UCN and its preferred receptor are produced constitutively and may be important in the functioning of resting immune cells. In the event of UCN and CRF-R2 expression being upregulated in response to immune stimuli, potent responses may be expected due to the 40-fold higher affinity of UCN for CRF-R2 compared with CRF. UCN also has a 4-fold higher affinity for CRF-R1 and has been shown to trigger mast cell degranulation via activation of type 1 receptors (Singh et al. 1999) .
Direct effects of UCN on heart cells in vitro and in vivo include changes in heart rate and coronary blood flow (Parkes et al. 1997) , stimulation of atrial natriuretic peptide release (Ikeda et al. 1998 ) and protection of cell death after hypoxia (Okosi et al. 1998) . The high levels of UCN mRNA that we detected in the heart may account for some of these actions occurring in a paracrine fashion and suggest that UCN is a more important ligand than CRF in this tissue.
In summary, we have provided evidence for the existence of CRF, UCN, CRF-R1 and CRF-R2 expression in resting immune cells, with UCN expression being particularly predominant in the rat thymus and human Jurkat cells. The high-affinity receptor for UCN (CRF-R2) was not evident in Jurkat cells, yet was present in the thymus, possibly suggesting a paracrine, rather than autocrine action of UCN within the thymus. The high levels of UCN mRNA detected in heart corresponded to the high expression of CRF-R2 mRNA suggesting an important role for UCN/CRF-R2 coupling in this tissue.
